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I n  recent  years  e l e c t r o l y t i c  methods have been employed in t h e  reduct ion and s t ruc-  
t u r a l  e lucidat ion of coal  (1, 2). The usefulness  of these nethods is l imited by 
the f a c t  that the benzene ring (that is, the  i so la ted  benzene r ing  a s  in benzene or 
t e t r a l i n )  which may represent  a l a r g e  port ion of the coa l  r t r u c t u r e ,  has  not  
previously been reduced e l e c t r o l y t i c a l l y .  Work in t h i s  laboratory has  shom tha t  
reduction of benzene can be achieved by e l e c t r o l y s i s  i n  ethylenediamine saturated 
with l i thium chlor ide (3). 
the reduction of a high rank coa l  and has resu l ted  in the  addi t ion  of 36 hydrogens 
per 100 carbon atoms. 
t h i s  amounted t o  the addi t ion  of 14 hydrogens. 

The same method has now been successful ly  appl ied to  

The beet electrochemical reduction achieved (2) p r i o r  to  

EXPERIMENTAL 

Six grams of the coa l  (Pocahontas v i t r a i n  ground t o  pass 325 mesh) suspended in 
100 m i l l i l i t e r s  of ethylenediamine containing 1.4 grama of l i th ium chlor ide  vas 
e lectrolyzed a t  33' between carbon electrodes a t  0.5 amperes and 115 v o l t s .  
Apparatus and technique of e l e c t r o l y s i s  (3) and recovery of the reduced coal (4) 
were the same as described previously. 
e l e c t r o l y s i s  war 46 percent and dropped to 1 0  percent a f t e r  16 hours. The elec-  
t r o l y s i s  was continued for an addi t iona l  15 hours during which t h e  t h e  cur ren t  
e f f ic iency  remained p r a c t i c a l l y  constant .  
solut ion,  analyzed and subjected t o  a second e l e c t r o l y t i c  reduction. 
e f f ic iency  a t  the beginning of the second e l e c t r o l y t i c  reduction was 20 percent 
and dropped t o  8 percent a f t e r  16 hours. The e l e c t r o l y t i s  was continued f o r  15 
hours during which time the  cur ren t  e f f ic iency  remained at  8 percent. Recovery 
of the reduced coal  was 95 percent. The reduced coal  was tan-gray i n  co lor  and 
73 percent soluble in pyridine; the  s o l u b i l i t y  of the unreduced coal was only 3 
percent. 
The r a t i o  of t o t a l  hydrogen taken up by the  coa l  t o  l i thium chlor ide  ured was 
about 2 : l .  

Current e f f ic iency  a t  the beginning of t h e  

The reduced coa l  war recovered from the 
The current  

The analyses of the  o r i g i n a l  and reduced samples are shown in Table 1. 

DISCUSSION 

Perhaps the mort i n t e r e s t i n g  r e s u l t  is the  f a c t  t h a t  the  s o l u b i l i t y  of the 
e l e c t r o l y t i c a l l y  reduced coa l  in pyridine a t  room temperature (73 percent)  is 
higher  than t h a t  of the same coal  reduced chemically (4) with excess l i thium in 
ethylenediamine a t  90-looo. In the  latter case,  45 hydrogens were added but the 
s o l u b i l i t y  was only 63 percent. It i e  conceivable t h a t  chemical reduct ion a t  
elevated temperature, in c o n t r a s t  t o  e l e c t r o l y t i c  reduction a t  room temperature, 
is accompanied by polymerization r e s u l t i n g  i n  a decreare i n  s o l u b i l i t y .  
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TABU 1. - Electrochemical reduction of Pocahontas v i t r a i n  

a atoms addeda 
per 100 C atoms in 

Substance C H N S Ash s t a r t i n E  material  

Original  v i t r a i n  87.94 4 .53  1.12 1.01 3.10 
88.09 4.58 1.15 0.97 2.98 

81.77 6.15 3.29 1.21 3.76 
F i r s t  reduct ion 81.82 6.29 2.93 1.12 3.97 21.1 

Second reduct ion 80.81 7.21 3 .82  0.31 3.85 36.1 
80.73 7.19 3.80 0.51 3.21 

a Xethod of ca lcu la t ion  as described in reference 4. 
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